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(54) DNA-based vaccination of fish by immersion 

(57) The present invention relates to methods of 
immunization of aquaculture species by introducing 
DNA expression systems into the aquaculture species. 
Such DNA expression systems preferably include DNA 
sequences encoding polypeptides of pathogens of spe- 
cies of aquaculture. The present invention also relates 
to methods of administration of DNA expression sys- 
tems into aquaculture. Such methods include injection, 
spray, and immersion techniques. The methods of this 
invention are useful for prophylactic vaccination or ther- 
apeutic immunization of fin-fish, shellfish, or other 
aquatic animals against infectious diseases. 
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♦ ' St 5 3 S6S in ,in " ,ish ' She,lfish or other a£ > uatic ,ifeforn « pose a serious problem for the aouacul 

fcre .ndusfry. Owing to the high density of animals in the hatchery tanks or endosed mJSft^aSLTiJhSl 
diseases may erad,cate a large proportion of the stock in. for example, a fin-fish shelffteh or oThS aauafc «Sn^ 

turP^nHf^ S? V ! ? SS6S> 35 ' S tfUe ,n mammal «- However, fish, unlike mammals, display a tempera- 
ture-dependent development of protective immunity in response to antigens tempera 

for romS,t VaCCine f f ° r ,iSh ^ bee " deve, °P ed a 9 ain *t bacteria while there have been very few fish vaccines made 

^SSSS^^JS^ ^ ^ bee " immUn, ' 2ed by an ^en-based immunization 

path ° 9ens -^ lled whole Pathogens, or more recently, in laboratory settings, recombinant proteins While live 
attenuated vaccmes .nduce good humoral and cell-mediated immune responses and can ^$dSSS^o^JZ 

SSThTT??. th6re iS , thS imPOrtant ^ ° f r&V6rei0n t0 6 Vn*nt tona Whole^e SSSS?SSS^5 
«SJ * 1 ! 1 fm ' n9 10 ,h6 " Sk °' ^taminating other fish - a live attenuated vaccine wh^h mTbe aen 
erally safe for the target species of fish may be virulent in other species of fish * 9 

lirJ <Si^ neS USi "? who,6 u kil,ed bac « eri " P- e - oacterins) or recombinant proteins from pathogens expressed in cell 
Sh^nt nT ,neS) ^ disadvanta 9 e of '"ducing short-lived immune responses LfcSTJSTEhS! 

SSSS^^SSSr" S ° ,e,y 30 6X096n0US f ° rm USua "y causi "9 ind " ction * » hur^aT response 0 e 

production of antibodies) but often a failure to induce cell-mediated immunity (i e.. cytotoxic T-cells) 

Another disadvantage of whole killed and subunit vaccines is that the/almost aw7ys mS be injected and thev 

Zufo™ E£* t0 '^r a " effeC,iV6 immun6 response "^muscular injections o th'se a^S ca^le 
granuloma formation wh,ch scars the flesh and lowers the market value of the fish. Intraperitoneal Sn oSSS 

SZST w . b ^ the vl>c-m which 03,1 affect 016 hea,th of ths ,ish and r * ard » gS ' 

„ P VaCQneS are - dWteu » and expensive to make especially if the protein must be purified For 
SSSSE?5rST ad reC ° mbinant proteins ma * fo ™ bodies from whSh rec^e^ofproSnln cS- 

S f , V J* ^ ° r nonex,stent '"diction of an immune response may require that the antigenic proSin 
S ^ ^ and ^ ded> Wh,Ch may TOt be «""*■*«■ in a cel. other than an animal ceT ' 
Some of the current methodologies for administering vaccines are not technically or economically practical For 

t0 the future market value of fish. Furthermore, injection needles can cross-infect fish with contaminat- 
SLESTT 6 ° r9an,SmS '. and accidental ?! humans can cause severe or fata. W^^^^SS 

^j™^, injection of small fish is very difficult, especially in young fry. Jo^EES 

m 0 »^ eSS , eXPen .! iVe 3nd 6aSier m6th0d which has been used t0 administer killed viral or bacterial vaccines is an oral 
method wherein the vaccine is added directly to the water or incorporated into fish food. Oral vacdneThav hSoricaS 
shown inconsistent and relatively low levels of protection suggesting that they may be best used as SSSSK 

an ^nZ^sTaT^Zt^ im ° 3nim3 ' S by US ' n9 " Ve Vira ' vect0rs containin 9 P articu,ar sequences from 
.no andna^nZ ad f°- assa f ' a,ed . v,rus - or a re trov,Yus genome. The viral sequences allow the appropriate process- 

SeSn^hl 9 1 9 Tt "? 3 Vir ' 0a WhiCh C3n be intr0duCed to animals throu 9 h invasiva or noninvasive infection 

Fu^ermo! a^Zl^ ^ V9CtaS *"* Hve pathogens ' stj " ca ^ » e risk " ^rtent infection.' 

Furthermore protans from viral vector sequences induce undesirable inflammatory or other immune responses which 

o^^JSSSX? USin9 ^JT V6Ct0r f ° r 3 SUbSeqUent VaCdne ° r Viral vecto^S the s e 
m f 9 Qene that 030 De ^Pressed due to viral packaging constraints. 

tissued XSfli ? "J 6 ** rela ^ 6,y effiCient,y " ini6Cted int ° Ske,etal musde but P° or, y °' not al «" » Nected into other 
*Z?JT » SflflDCfi 247:1465-1468 (1990). incorporated herein by reference). Plasmid DNA coated onto the 

dirS SiSSSL oTtH C,eS ^ intr0dU . Ced int ° SWn by 3 h*«H*lv« Particle accelerator or "gen^gun" oan 
falShCrb^eStce) (PeC ° rin ° ^ ^ CuItfiDLBiflL 2:3 °- 32 ( 1992 >- 's incorpo- 

usua^ri 8 ^ 0 ^ ■' mroduc f int0 animal cel| s by liposome-mediated gene transfer. DNA-liposome complexes. 
paSaLTS^fr m n °^ *** *• injeC,6d int0 various tissues or instilled into the respiratory 

Ko^mi k * Jf fc ft r^ 3:649 - 656 (1 992 >- which is incorporated herein by reference, have shown that 
° f an h S ^ 3 ""'I™* ° f Ce " by intraV6n0US in n^mmals. In addition. I pi 

S£l^52£^ h h " bee " ^ '? ,ranS,er th6 CyStiC ,ibrosis ^nsmembrane conductance gene into Z 
nasal ep.thel.um of m.ce and humans suffenng from cystic fibrosis (Yoshimura et al.. Nucleic Aciris Bag 12:3233-3240 
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( 1 992) and Caplan et at.. Nature Med. . 1 :39-46 (1 995), respectively, both of which are incorporated herein by reference. 
Substances may also be administered using biodegradable microspheres composed of polymers such as polyester 

poly(lactide-co-glycolide) (Marx et al. a Science. 260:1323-1328 (1993), incorporated herein by reference). It is notable 
that these particles can survive the upper digestive system and arrive intact in cells of gut-associated lymphoid tissue 
(Eldridge et al., Adv. Exp. Med. Biol. . 251:191-202 (1989), incorporated herein by reference). Biodegradable micro- 
spheres have been used to deliver recombinant antigens, toxoids or attenuated virus into mammals by systemic and 
oral routes (O'Hagan et al.. Immunology 73:239-242 (1991); O'Hagen et al., Vaccine 1 1 : 1 49- 1 54 ( 1 993) : Eldridge et al- 
MoL Immunol. 228:287-293 (1991) incorporated herein by reference). They may also be useful to deliver recombinant 
plasmid DNA to gut-associated lymphoid tissue for the purpose of immunization. 

While most work has been carried out on mammals, plasmid DNA encoding reporter genes have been successfully 
introduced into fish by intramuscular injection (Hansen et al., FEBS Lett. 290:73-76 (1991). incorporated herein by ref- 
erence). Thus, cells in fish can express proteins from a foreign gene with the same types of vector constructs (i.e., back- 
bones, promoter and enhancer elements) that are used in mammals. 

The induction of an immune response to a protein expressed from an introduced gene was first suggested by 
Acsadi et al., New Biologist 3:71-81 (1991), which is incorporated herein by reference, who found that after plasmid 
DNA transfer into rat cardiac muscle, reporter gene expression was transient but could be prolonged by treatment with 
an immuno-suppressant. Subsequently, it was shown that antibodies were induced in rodents against human growth 
hormone (Tang et al.. Nature. 356:152-154 (1992); Eisenbraun et al.. DNA Cell. Biol.. 12:791-797 (1993), both of which 
are incorporated herein by reference) or human a-antitrypsin (Tang et al., Nature, 356:152-154 (1992), also incorpo- 
rated herein by reference) when these proteins were expressed from DNA coated onto gold particles and introduced 
into cells of the skin by bombardment. 

DNA-based immunization refers to the induction of an immune response to an antigen expressed in vivo from a 
gene introduced into the animal. This method offers two major advantages over classical vaccination in which some 
form of the antigen itself is administered. First, the synthesis of antigen in a self-cell mimics in certain respects an infec- 
tion and thus induces a complete immune response but carries absolutely no risk of infection. Second, foreign gene 
expression may continue for a sufficient length of time to induce strong and sustained immune responses without boost. 

Several mammalian animal models of DNA-based immunization against specific viral, bacterial or parasitic dis- 
eases have been reported. These include influenza [(Fynan et al., Proc. Nat'l Acad. Sci. USA. 90:1 1478-1 1482^(1993); 
Montgomery et al., DNA Cell. Biol. . 12:777-783 (1993); Robinson et al.. Vaccine . 1 1 :957-960(1993); Ulmer et al., Sci- 
ence, 259:1745-1749 (1993)], HIV [Wang et al. (1993)], hepatitis B [Davis et aJ.. Hum. Molec. Genet. . 2:1847-1851 

(1993) ]. malaria [Sedagah et al.. Proc. Natl Acad. Sci.. USA. 91 :9866-9870 (1994)], bovine herpes [Cox et al., J. Virol. 
67:5664-5667 (1993)], herpes simplex [Rousse et al., J. Virol. . 68:5685-5689 (1994); Manicken et al. J. Immunol. . 
155:259-265 (1995)]. rabies [Xiang etal.. Virology. 199:132-140(1994)]; lymphocytic choriomeningitis [Yokoyama et al., 
J Virol., 6964:2684-2688 (1995)] and tuberculosis [Lowrie et al.. Vaccine. 12:1537-1540 (1994)], all of which are incor- 
porated herein by reference. In most of these studies a full -range of immune responses including antibodies, cytotoxic 
T lymphocytes (CTL). T-cell help and (where evaluation was possible) protection against challenge was obtained. In 
these studies naked DNA was introduced by intramuscular or intradermal injection with a needle and syringe or by instil- 
lation in the nasal passages, or the naked DNA was coated onto gold particles which were introduced by a particle 
accelerator into the skin. 

There is a need for novel systems to vaccinate fin-fish, shellfish, and other aquatic animals against diseases. These 
systems should be inexpensive jp produce and administer, avoid the use of live, attenuated organisms, and induce 
strong and long-lasting immunity preferably without boost and with induction of both antibodies and cell-mediated 
immunity. More preferably, the system should be applicable to small fish, be less stressful to fish during administration, 
and have the capacity of simultaneously immunizing many animals for reduced labor-related costs. 

The present invention relates to the immunization of cultured fin-fish, shellfish, or other aquatic animals f aquacul- 
ture species") by DNA expression systems to overcome many disadvantages associated with antigen-based vaccines. 
The present invention relates to introduction of DNA plasmids (alone or in a formulation) containing sequences encod- 
ing antigenic components of viral, bacterial or parasitic diseases by transfection into aquaculture species. The methods 
and compositions of this invention are useful for immunization (i.e., for prophylactic vaccination or therapeutic immuni- 
zation) of fin-fish, shellfish or other aquatic animals against infectious diseases. The DNA sequences according to this 
invention are preferably present in vectors capable of inducing protein expression of these sequences (i.e. expression 
vectors) and may be administered alone or in combination with other DNA sequences in the same or other expression 
vectors or as oligonucleotides. These additional DNA sequences may encode cytokines, costimulatory molecules, or 
may include immunostimulatory sequences (e.g.. CpG motifs). The DNA sequences may also be given with other adju- 
vants, such as alum. 

The present invention also relates to methods of administration of DNA expression vectors to aquaculture species, 
which may or may not encode polypeptides from pathogens. DNA vectors of this invention may be administered to 
aquaculture species by oral route, injection, spray, or immersion. In a preferred embodiment, the DNA expression vec- 
tors of this invention are administered by immersion techniques or automated injection devices. 
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«J£ e STJZS^ d f *" r^ 0 " 5 and c ° m "° s *«' s '» i«munan, allured ft*** sluaiish. and other 
r-J".' 6rred e , mbodime,tt - 4,16 P re sent invention provides a method for immunizing cultured fin-fish shellfish or 

ZSttZStSEZ?"' comprising immersion of * e animals in an ^ -Si "e!S£SS£ 

wKr^SrenteSl,?, more 1 an ;9 en,c determi "^ * an infectious agent (regard.ess of codon usage). 
TZ^T Zt ^ters cells of the antmal where rt is expressed leading to induction of immune responses The immu 

Sons' * ^ Pr ° P ^ aCtiC 10 ^ in,eCti ° n fr ° m or ™> ba therapeutist ple^Sg 

for th^rSSon "SSZSS ** "*■ ™ S iS ,ar9elv due t0 the dif « cu| ty * mowing virus in culture 

rortne production of whole killed viral vaccines or safe attenuated strains of virus. Antigen-based vaccines us.no ™,r, 
fied recombinant proteins are difficuft and expense to produce in large scale and £y ha^ 

humo^U^S.' ZS2?!L2: ^tT' ad k vanta9es - Tne anti 9 enic P** is synthesized in vivo giving rise to both 
wh^ ! /" c f '- mediated (cytotoxic T lymphocytes) immune responses. However, unlike live attenuated oathoaenT 

ESLfSSS 8 ^ Pr ° te in ViVO " ° NA VaCCinSS n0 " sk of Advertent infection. Unlike SSSSSSS 
rT^nse ^^^"J**!"" ***** *° USe ° f traditiona ' ad i uvan * to ^nerate ar e^vllnZe 
^S^ZZS^^J^ °' 4,115 inVenti ° n iS inex P ensive «« ^sy to manufacture and purfy 

resultinq i^raT^^I n h V * h ° St ^ l ° Pr ° dUCe tore, ' 9n anti 9 ens within ite ° w " tissue thereby 
d?l o ml ^vantages. One advantage is the efficient presentation of the foreign antigen to the immune svstem 

^SS^ nid?^ within a self-ce... which cou W be an antigen-presenting JZ^£S£2£Si 

immme"re n ionS r J?Jn !H!J!!" temperature dependent Antigen-based vaccines may give rise to sub-Optima. 
b^J^^ J^ T 31 the Wr ° n9 lem P erature - DNA-based immunization is advantageous 

r^e^ 

S v^ e mt h l a t. dVan ? 9 h e ° f pr ° lon9ed svntnesi s of arrt i9en is the induction of immune responses as soon as the immune 
system ,s mature. Rsh may be unable to induce sufficient immune responses at a young age For examole troT^nd 

i^Z^Z^ Ce " S ^ 35 ' ate 35 ,en and **» **« after hatching, respectivel y and^"<lepend^nt 

immune responses do not appear until months after hatching. Using the methods of this invention expression JSJan 

this i^enZw^l2 n nL herein referS J° 3 mat6rial CapaWe ° f Pr0ducin9 an immune res P° nse " A va <*ine according to 
skin EH 2 ,h P ^ ' mmUn,ty a9a ' nSt diS6ase in Cultured fin ' fisn ' shell,ish and other aquatic species One of 
P^^ *? 3t aCti :f° n °' CTL resu » in 9 *«" in vivo syndesis of antijn wiuS 

prjuce.mmunityaga.nst disease notpnlyprophylactically but also therapeutically (after development of disease in cul- 

fishtnn^'^ shell- 
ed™ , <T a * C anima,S - F, "" f iSh inClUde 311 vertebrate ,ish - whicn ma y be bony or cartilaginous fish A preferred 
"SS^ZZ t* ,nV K nt ° n iS immuniza « on ° f ^se fin-fish include but are not HmL to 2.mon^ Srp 

tm!f «i el,ow ta.l. seabream. and seabass. Salmonids are a family of fin-fish which include trout (including ra'inSw 

P^Sn^S q ° a f C an ' ma,S ,nC ' Ude - bUt are not ,imited t0 ee,s " «M* and octopi. 
"anu^X^ 

DNA wh,ch is introduced to aquaculture species will encode foreign polypeptides (e.g.. those derived from viral 

*SS£^JTr*-, PO,VP ^ eS ° f ■* inVenti ° n refer to compSe prote.ns SCSSSSSTS 

dISa sIm^ " ! eP ^° PeS (8 9 - 3 CTL epit0pe) associated with an infectious virus, bacterium or parasite, 
is desired rXTan 3 Z ^ ^ ° f 30 anti9eniC protein are P re,erred wn ere humoral immunity 

meS if H^S, e ~ es h enC0d, 1 n ? sma,,er ^ such as only CTL epitopes, as are preferred where ceJ- 

^^.JTT™* ,s desired and humoral .mmunity may be deleterious. In preferred embodiments the DNA 
nS^Tf po,vpeptides of «"* Pathogens may be selected from the group consisting S ^ly?op7oteir^ f (Q or 

tmiMV,. vpi . VP2, VP3 or N structural proteins of infectious pancreatic necrosis virus (IPNV); G protein of spring 
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vireniia of carp (SVC); and a membrane-associated protein, tegumin or capsid protein or glycoprotein of channel catfish 
virus (CCV). 

In other preferred embodiments, the DNA sequences encoding polypeptides of bacterial pathogens may be 
selected from the group consisting of an iron-regulated outer membrane protein, (IROMP), an outer membrane protein 
5 (OMP), and an A-protein of Aeromonis salmonicida which causes furunculosis, p57 protein of Renibacterium 
salmoninarum which causes bacterial kidney disease (BKD), major surface associated antigen (msa). a surface 
expressed cytotoxin (mpr), a surface expressed hemolysin (ish), and a flagellar antigen of Yersiniosis; an extracellular 
protein (ECP), an iron-regulated outer membrane protein (IROMP), and a structural protein of Pasteureilosis; an OMP 
and a flagellar protein of Vibrosis anguillarum and V. orda/ii; a flagellar protein, an OMP protein, aroA, and purA of 
10 Edwardsiellosis ictafuh and E. tarda: and surface antigen of Ichthyophthirius; and a structural and regulatory protein of 
Cytophaga columnari; and a structural and regulatory protein of Rickettsia. 

In yet another preferred embodiment, the DNA sequences encoding polypeptides of a parasitic pathogen may be 
selected from one of the surface antigens of ichthyophthirius. 

The methods of this invention could also be used to introduce plasmid vectors encoding polypeptides endogenous 
is to the animal, but which might be normally present in low concentrations (e.g., growth hormones). In this case the 
expression proteins would serve a physiological role (i.e. enhanced growth) rather than induce an immune response. 

Vectors useful in the making of expression plasmids include, but are not limited to, vectors containing constitutive 
promoters, inducible promoters, tissue-specific promoters, or promoters from the gene of the antigen being expressed. 
Constitutive promoters may include strong viral promoters, for example, promoter sequences from cytomegalovirus 
20 (CMV), Rous sarcoma virus (RSV), simian virus-40 (SV40). or herpes simplex virus (HSV). Tissue-specific promoters 
may include the muscle beta-actin promoter or the thymidine kinase promoter. An inducible or regulatable promoter, for 



example, may include a growth hormone regulatable promoter, a promoter under the control of iac operon sequences 
or an antibiotic inducible promoter or a Zinc-inducible metallothionein promoter. 

The vector should include an expression control sequence comprising a promoter (e.g.. inducible or constitutive •* 
25 promoters described above) DNA sequence, and may include, but is not limited to. an enhancer element, an RNA V : A 

processing sequence such as an intronic sequence for splicing of a transcript or a polyadenylation signal (e.g.. from £ 
simian virus-40 (SV40) or bovine growth hormone (BGH)), a signal sequence for secretion of the expressed protein, or ? r 3* 

one or more copies of immunostimulatory DNA sequences known as CpG motifs. The vector should also include one 
or more of the following DNA sequences: bacterial origin of replication sequences, a selectable marker, which may be 
30 for antibiotic resistance (e.g., kanamycin) or for non-antibiotic resistance (e.g., p-galactosidase gene). 

Oligonucleotides having unmethylated CpG dinucleotides have been shown to activate the immune system (A. *f 
Krieg, et al. a "CpG motifs in Bacterial DNA Trigger Directed B Cell Activation" Nature 374:546-549 (1995)). Depending L % 

on the flanking sequences, certain CpG motifs may be more immunostimulatory for B cell or T cell responses, and pref- & h 

erentially stimulate certain species. Copies of CpG motifs in DNA expression vectors act as adjuvants facilitating the € 



35 induction of an immune response against an expressed protein. A CpG motif, a stretch of DNA containing CpG dinu- 
cleotides within a specified sequence, may be as short as 5-40 base pairs in length. Multiple CpG motifs may be 
inserted into the non-coding region of the expression vector. When a humoral response is desired, preferred CpG 
motifs will be those that preferentially stimulate a B cell response. When cell-mediated immunity is desired, preferred 
CpG motifs will be those that stimulate secretion of cytokines known to facilitate a CD8+ T cell response. 

40 Other CpG motifs have be found to inhibit immune responses. In a preferred embodiment of the application, these 
immunoinhibitory CpG motifs would be removed or mutated in a DNA expression vector used by the methods of this 
invention, without disrupting the expression of polypeptides therefrom. 

An additional preferred embodiment of this invention relates to the administration of a vector containing one or 
more different DNA sequences, one sequence encoding an antigen and the others encoding polypeptides which may 

45 or may not be antigenic. For example, the vector may encode two antigens from the same pathogen. Alternatively, the 
different antigen(s) may induce an immune response against a different pathogen and thus serve as a multivalent vac- 
cine. Alternatively, the other polypeptides may serve to enhance an immune response against a targeted pathogen 
(e.g., helper epitopes, cytokines, carrier polypeptides, cholera toxin subunits. or other immunostimulants). 

When two or more polypeptide-encoding DNA sequences are present in one vector, the transcription of each anti- 

so gen-encoding DNA sequence may be directed from its own promoter. Alternatively, one promoter may drive the expres- 
sion of two or more antigen-encoding DNA sequences joined in frame to each other to express a fusion protein. For 
example, VP2 and VP3 proteins of infectious pancreatic necrosis virus (IPNV) may be fused. In another embodiment, 
DNA sequences encoding two or more antigens from different diseases may be joined to form a multivalent vaccine 
when expressed. 

55 Alternatively, a DNA sequence encoding an antigenic polypeptide may be fused to a DNA sequence encoding a 
carrier polypeptide. In a preferred embodiment, the carrier polypeptide may contain one or more envelope proteins of 
the hepatitis B virus, preferably from the human hepatitis B virus. In a more preferred embodiment, the envelope pro- 
teins of hepatitis B virus will be the small and major protein (also referred to as surface antigen). 

In another embodiment, each polypeptide-encoding DNA sequence in the vector may be under the control of its 
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own promoter for expression of two or more non-fused polypeptides 

taining' suTs^ul^s A s!S, U ^ eS enCOdinQ 31 anti9enS ma ? be •****««« ^ using a second vector con- 

raning such sequences. Such sequences may encode antigens from the same pathogen or different pathoqens or 

s tZe^m^Xl^ " T rT StmU,antS - SUCh 3 V6Ct0r ™ y b?««l^o!SSS o 

« ex P ress,on ve ctor. A preferred embodiment of this invention is the concurrent administration 

JSrr^ V6Ct0r ^ ^ indUC6d 10 ^ Pr ° tein -"«aneous. y wKh or after expression of pStein 

antJpn tTT" emb0diment ° f ** invention ' ^en-expressing vectors may be administered concurrentiy with an 
antigen-based vacc.ne such as a recombinant protein or whole-Wiled vaccine. In a preferred embodiment the an aen 
STSr**," with a protein antigen (i.e. recombinant wTeSho 

We ' ^ ant ' 9en t "° t0 6i9ht W6ekS later " pre,erab,y ora " v °' b * imme ^ «o boost the immune 

,« c«i ° NA "f ^ in . th6 m !l h0d ° f th ' S invention is Preferably purified plasmid DNA(s) simply dissolved in an aaueous 
is solution or ma formulation. One of skil. in the art would readily appreciate how to to mulate DNAW in £ melhSs 

^IZ^J^^" T* SUCh 85 *"* "'^^ ,,U ° r0Carb0 " em™c e ochreaS 
luauies. goia particles, biodegradable microspheres, or cationic polymers 

^n^ POS ° m l S USef ? f ° r trans,ection <* DNA °» «• invention include commercially available liposomes and liposomes 
conta.ning erther catiomc lipids or cationic polymers. In a preferred embodiment of this inveS T^somes^uld 
m include a m,xture of a neutral lipid such as dioleoylphosphatidylethanolamine (DOPE) or chole^mdSSSScTE? 

2nS ?^n? Ann, ♦ Si SuCh ,,posomes be W«* as described herein and in United States Provi- 
? ° n entrt,ed • A N0V6 ' C,aSS ° f Cationic Rea 9 ente f °r High Efficient and Cell-Type-SpeSc 

iC Ce " S " inCOrP ° rated by reference herein - Unlike l^tds ratiortcpol 
" 0t have ^ter-l,nkages and have greater stability in vivo as a result. Cationic polymers (also referred to as 
dendnmers) may be dimenc. cyclic, oligomeric. or polymeric in structure 

to the^reS'^ SO ' l l 0n ^ neUtra ' KpidS ^ ^ P^erred transfection reagents according 

eel sin vil « H !ES ° f * ,,S r!"* 0 "- Cati0ni ° PO ' ymerS have been shown t0 work well for transfecting fish 
cells in vitro with plasmids expressing f«h pathogen antigens (see Table 1, Example 1) 

^^^^Tr^^ 6 ^^^^ states composed of phosphatidylserine. cholesterol and 
7^Zt ? 0X,C and non - ,n,larnrn atory transfection reagents that can survive the digestive system Bio- 

35 wrapZ^eTs^ia STSS.S*^ the " terature as microcy.inders consisting of helically 

JSSSS^£Si ° f Wh,Ch ^ t0 « eth - DNA ™* ba placed in the hollow center for detivery 

arJ^TS!^ ^!2L - F r Ce ", S ? 4,16 T* 6 """ 1 ° f th6 SWa the 9i,,S or the 9« wall. With injection. DNA may 
Seal call v DNA ^ LT V mUSC ' e ue (e g - ,ibrob,asts - *"™™» cells) or cells of viscera within the intraperi 
p^nnLl y T y ^ b6 expressed in these transfected cells leading to induction of appropriate immune 
responses in regional or systemic lymphoid tissue. immune 

treatr^ent^ compositions comprising DNA vaccines in an amount effective for the 

V^S^^S^^T^J^ by P**"*"* of aquaculture species. According to another embodiment. 

SSSTTSSSSS^ ° n ^ SeCOnd DNA vacdne " an a 'ecombinan 

protein, a transfection reagent, or some combination thereof 

oathool nS^JS S h 7 enti0 " may be useful in «" e immunization of aquaculture species against many pathogens. Such 
EfSSSS^Z * hemmorrha 9 ic se e ticemi * *«* hematopoietic necrosis virus, infec- 

2m Smn^nv V I US - T 18 ° aUS,n9 Spri " 9 Vir6mia 0f caro - channel ^tf'^ viru s {Herpesvirus ictalun). grass 

SLn T 9 v,rus ' nodav,r,dae such as nervous necrosis virus or striped jack nervous necrosis virus infectioS 
STTSTS^S °f Sa/mon/c/tfa ' ^bactenumsa/mo^m. UrM. Pas«a (including pfscS 
Stf^SU 9 a ^' //a ~' 77 ind a*«*fefa (including ictaluri and farda). sUpfococc? and 

mJH 0 ZZ^OT*! inV i'!i 0n - recombinant P ,asmi d DNA is introduced into animals orally. DNA for oral use 
^22!J bl0de 9 radable microspheres, fluorocarbon emulsions, cochleates. or tubules. This is a non- 
ofaSl nT? w ,mmun,2in 9 culture species by which DNA may be coated onto or milled into feed in the form 

M^ JJ^J^Z™™^^™" int ° 96,atin Capsules «« in * roduced into environment of the aquac- 
wShoJ 5S£J ^ 6parat0nS 0f . for oral use «V '"C'^e lactose and corn starch. The DNA can be used wrth or 
without products to enhance entry into cells of the gut epithelium or more deeply situated cells 

jet-Wee^ PWe racombinant P ,asmid DNA is deduced into animals by injection with a needle or a 

jet injection system, which does not have a needle. Injection areas of the fin-fish include but are not limited to intraperi- 
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toneal, intramuscular, and subcutaneous areas of the fish. In a preferred embodiment, large fin-fish are immunized by 
injection methods of this invention. Typically, fish are injected with 0.1-0.5 ml of a solution containing DNA. ONA may be 
injected in a pure form or may be formulated with liposomes, cationic polymers, fluorocarbon emulsions, cochleates, or 
tubules. 

. In yet another embodiment of this invention, pure DNA is introduced into a fin-fish by particle bombardment This 
method introduces DNA-coated gold particles into the epidermis of a fin-fish using a w gene-gun\ which uses com- 
pressed helium to shoot the gold particles at high speed into the skin. This method has been shown to be particularly 
efficient for induction of cell-mediated immune responses with small quantities of DNA in mice. 

In another embodiment of this invention, plasmid DNA is introduced to fish by spray Typically, fish are exposed to 
spray for at least 2 seconds. Fish may pass through a mist of DNA solution by forcing the vaccine through high-pressure 
paint-sprayer-type nozzles. Typically, any pressure up to 90 psi is satisfactory. Due to the number of pounds of fish per 
unit volume that can be vaccinated by spray, it may be more economical to immunize larger fish by this method than by 
immersion. The DNA can be used with or without products to enhance entry into cells of the skin. For example, the DNA 
may be associated with liposomes or cationic polymers. 

In a more preferred embodiment of this invention, a large number of animals can be immunized simultaneously by 
immersion in a solution containing DNA. In one embodiment, fish are dip-netted into suspensions containing DNA for- 
mulations (e.g., DNA formulated with cationic polymers or liposomes) for at least several seconds. The fish are then 
returned to the holding tanks in which they develop immunity. In another embodiment, fin-fish, shellfish, or other aquatic 
animals are placed into tanks containing a relatively small volume of water. Concentrated DNA formulations (e.g., DNA 
formulated with cationic polymers or liposomes) is added to the tank, and animals are left for a period of time up to sev- 
eral hours before the tank is refilled with water to restore the normal aquatic environment. This method of immersion is 
preferred for the immunization of small fry, which cannot be immunized by direct injection. 

The amount of the expression plasmid DNA that may be combined with a carrier material to produce a single dos 
age form will vary depending upon the host treated, and the particular mode of administration. It should be understood, 
however, that a specific dosage and treatment regimen for any particular fish will depend upon a variety of factors, 
including the expression of the particular plasmid DNA employed, the stability and activity of the particular protein or 
peptide expressed, age. body weight, general health, species of fish, the progress of the disease being treated, and 
nature of the disease being immunized against or dreaded. The amount of expression plasmid DNA may also depend 
upon whether other therapeutic or prophylactic agents including additional expression plasmid DNAs and adjuvants, if 
any, are co-administered with the expression plasmid. 

Without being bound by the values listed below, dose ranges for the administration of DNA used in the methods of 
this invention may be generalized as follows. For immunization of fish via oral routes, 0.1 to 50 jig DNA per fish admin- 
istered over several consecutive days may be used. For DNA-based immunization by intramuscular or intraperitoneal 
injection, 0.1 to 10 ^ig of DNA may be used. For spray immunization, a volume of 1 ml per fish of 0.1 to 10 mg/ml DNA 
solution may be useful. Fish immunized by immersion methods of this invention may be incubated in a 1 to 100 ng/ml 
DNA solution at a volume sufficient for fish to survive for a time period necessary for uptake of DNA to produce an 
immune response by the fish. An effective dosage range for immunization of fish via gene-gun route may be 10 ng to 1 

Adjuvants for immunization are well known in the art and suitable adjuvants can be combined with the DNA 
sequences described herein by a person skilled in the art to form a pharmaceutical composition. Oil adjuvants are least 
desirable for the methods of this jnvention because they create undesirable side-effects such as visceral adhesions 
(which can restrict growth) and melanized granuloma formations (which can lower the grade of the fish at market) and 
because they cannot form a homogeneous mixture with DNA preparations. DNA-based immunization does not require 
oil adjuvants and thus avoids these undesirable effects. 

Adjuvants used in immunization with DNA expression plasmids of this invention may include alum or a DNA mole- 
cule having unmethylated CpG dinucleotides therein (also referred to as CpG adjuvant). Oligonucleotides having 
unmethylated CpG dinucleotides have been shown to activate the immune system (A. Krieg, et al., "CpG motifs in Bac- 
terial DNA Trigger Directed B Cell Activation" Nature 374:546-549 (1995)). CpG motifs may be inserted into a plasmid 
DNA vaccine vector, and replicated in bacteria thereby allowing the CpG motifs to retain their unmethylated form. As 
such, administration of a CpG adjuvant cloned into plasmid vectors would be simultaneous with the administration of a 
plasmid DNA vaccine. Alternatively, a CpG adjuvant in the form of free oligonucleotides may be administered before, 
during or after the administration of a plasmid DNA vaccine. 

Oligonucleotides having CpG motifs may be optionally modified at their phosphodiester linkages for stability pur- 
poses. Such modifications are well known by those of skill in the art. For example, phosphodiester bonds in an oligonu- 
cleotide may be replaced by phosphorothioate linkages. 

The present invention also includes pharmaceutical products for all of the uses contemplated in the methods 
described herein. For example, a pharmaceutical product comprising pure plasmid DNA vector or formulations thereof, 
operatively coding for an immunogenic polypeptide or peptide, may be prepared in physiologically acceptable adminis- 
trate form (e.g., saline). The pharmaceutical product may be placed in a container, with a notice associated with the 
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10 Examp ' 6 1 • Clnpipq ° f DN A encoding Anting Praigjps h to Elasmid hma ^15 



proteins o, the infectious Pani^ VP2 an ^ P3 «"**«- 

vaccine ^ -ron-regulated outer membrane proteins that could be expressed as an antigen from a DNA 
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Table 1 



Plasmid 
pCMV-G 

pCMV A -G 

pCMV-N 

pCMV A -N 



Vector 

pcDNA3 (EcoRI site) 
pCMV A vector (EcoRI site) 
pcDNA3 (EcoRI site) 
pCMV A vector (EcoRI site) 



Antigen 
G glycoprotein (#1-1565)* 

G glycoprotein (# 1-1565) 

N nucleoprotein (#92-1306) 

N nucleoprotein (#92-1306)* 



Pathogen 

viral hemorrhagic septicemia 
virus 

viral hemorrhagic septicemia 
virus 

viral hemorrhagic septicemia 
virus 

viral hemorrhagic septicemia 
virus 



pCMV-VP2 

pCMV A -VP2 

PCMV-VP3 

pCMV A -VP3 

pCMV-fstA 
pCMV A -fstA 



pcDNA3 (Hindlll/Xbal site) 

pCMV A vector (Sal1/Xbal) 

pcDNA3 (EcoRI/Xbal site) 

pCMV A vector (EcoRI/Xbal 
site) 

pcDNA3 (EcoRI/Xbal site) 

pCMV A vector (EcoRI/Xbal 
site) 



VP2 (#117-1760)* 

VP2 (#117-1760)* 

VP3 (#2325-3011)* 

VP3 (#2325-3011)* 

IROMP fstA (#76-2630)* 
IROMP fstA (#76-2630)* 



infectious pancreatic necrosis 
virus 

infectious pancreatic necrosis 
virus 

infectious pancreatic necrosis 
virus 

infectious pancreatic necrosis 
virus 

Aeromonis salmonicida 
Aeromonis salmonicida 



# indicates the nucleotide sequences within the genome of the pathogen which have been 



cloned to code for the antigen 



Example 2 - Expression of Foreign Protein In Fish Injected with Pyrg Pt asmid DNA \f^r 

trol J^hp^ ,UC 7 aSmid US6d ln the fo,l0Wing e *P erimen * stains the luciferase reporter gene (luc) under the con- 
pu ^ Pur^ plasmid DNA was prepared by using con^erjy JffiSK DNA 

punhcation columns. The purrf.ed plasmd DNA was then dissolved in endotoxin-free Dulbecco's phosphatelLffered 
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saline (DPBS) without calcium chloride or magnesium chloride, or in 0.15 M NaCI dissolved in deionized distilled water 
for a final concentration of 0.001 mg/ml to 5 mg/ml DNA. Fish were anaesthetized with 0.168 mg/ml tricaine (3-amino 
benzoic acid ethylester) in water or by placing the fish on ice for 30-60 seconds before injection. Trout and zebra fish 
were injected intramuscularly between the dorsal fin and the lateral line with 10 ul of the DNA solution. 

5 Luciferase activity was measured in the muscle and gills 2.5 days after injection. Rainbow trout were euthanized by 

an overdose of tricaine (0.1% w/v). Zebra fish were killed by immersion in ice. The muscle or gills of the fish were 
removed on ice. homogenized, centrifuged to pellet cellular debris, and the supernatants containing soluble proteins 
were assayed for luciferase activity. Luciferase assays were carried out using a kit commercially available from 
Promega Corporation. Light emission in relative light units (RLU) was quantitated by a luminometer (Analytical Lumi- 

10 nescence Laboratory) over a ten second interval and background values from control samples were subtracted. The 
concentration of protein in the supernatants was determined and luciferase activity was expressed as RLU/sec/mg pro- 
tein. 

The results summarized in Table 2 (below) indicate that purified plasmid DNA can efficiently transfect fish cells after 
intramuscular injection. Nanogram amounts of plasmid DNA were able to induce detectable protein expression in both 
15 the injected muscle as well as more distant cells (e.g.. in gills), showing that different types of cells, possibly including 
antigen presenting cells (APC), are transferable by plasmid DNA and are capable of synthesis of foreign protein. Cells 
distant to the site of injection (i.e. gills) expressed lower amounts of protein than the injected muscle cells. Zebra fish 
and trout are not closely related species of fish. Therefore, the results in Table 2 indicate that most species of fish could 
take up and express foreign proteins from injected plasmids. 

20 



Table 2 



Dose of DNA frig) 


Luciferase Activity (RLU/sec/mg of protein)* 




Trout 


Zebra Fish 




Muscle 


Gills 


Muscle 


Gills 


0.01 


3,449 (±1548) 


4 (±3) 


502 (±307) 


18 (±8) 


0.1 


22.768 (±12.708) 


36 (±14) 


11.665 (±2.989) 


94 (±66) 


1 


78.408 (±51.523) 


618 (±567) 


826.486 (±368.790) 


228 (±115) 


10 


280.051 (±172,749) 


982 (±743) 


199.285 (±97,134) 


833 (±621) 


50 


417,226 (±165.164) 


980 (±393) 


145,891 (±85.645) 


5.519 (±4791) 



35 * mean ± standard error of mean (n= 1 0 fish per group) 



Example 3 - Kinetics And Longevity of Foreign Ge n e Expression in Fish 

One microgram of pCMV-luc plasmid in 10 ul of saline was injected intramuscularly into adult zebra fish and 3-4 
month old rainbow trout as previously described in Example 2. Luciferase activity in the muscle and gills of the injected 
fish was determined at various times between 2.5 days and 8 weeks using the methods described in Example 2. In 
Table 3 (below), the plasmid DNA directs protein expression within days of injection and protein expression in post- 
mitotic muscle remains stable for at least eight weeks. Luciferase expression in the gills falls off over time, possibly due 
to cell turnover. 
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Table 3 



Time (days) 


Luciferase Activity (RLU/sec/mg of Protein)* 




Trout 


Zebra Fish 




Muscle 


Gills 


Muscle 


] Gills 


0 


0 


0 


0 


0 


2.5 


78,408 (±51.523) 


618 (±567) 


2,107,048 (±1,281.284) 


8.705 (±6853) 


14 


54.004 (±19.411) 


211 (±133) 


4,160.080 (+2,553.955) 


6.965 (+3,672) 


28 


90.686 (±46.044) 


39 (±20) 


5.236.613 (±4.536.744) 


6,056 (+4048) 


~~ 56 

'moan + ctarw 


18,219 (+11.785) 

i~>rr4 n r 1 , > 


30 (±23) 


6.395,781 (±1,764.195) 


3.246 (±1,040) 
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Example 4 - Kinetics and I onoevitv nf Fn fa . n n G *n» F yp rocci on in Zshm Fish 



Table 4 



30 



35 



Time (days) 


Luciferase Activity (RLU/sec/mg 
of Protein)* 




Muscle 


Gills 


0.16 


64 (+35) 


1(±1) 


0.33 


1,620 (±1418) 


3 (±2) 


0.5 


2,739 (±1359) 


30 (±19) 


1 


2.629 (±1,129) 


15 (±2) 


2.5 


11,665 (±2.989) 


94 (±66) 


--112 


82,424 (±49.208) 


103 (±50) 



mean ± standard error of mean (n=i 0 fish per 
group) 



Example 5 = Transfection of Rsh Qefls by Injection of Pjasmid DNA Fnr.,,,^ with a CaiiQPic ■ m 
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Table 5 



Zebra Fish Tissue 


Luciferase Activity 
(RLU/sec/mg of protein)* 




DNA alone 


DNA + lipid 


Muscle 


151 (±127) 


32 (±10) 


Gills 


15 (±15) 


8 (±8) 


Viscera 


3 (±2) 


85 (±40) 



•mean ± standard error of mean (n=l 0 fish per 
group) 



Example 6 -- Comparison of Foreign Gene Expression after Injection of DNA in Fish and in Mice 

20 Fish and mice were injected intramuscularly with a range of 0.1 ug to 50.0 ug of pCMV-luc plasmid DNA in 50 uJ. 

Total luciferase activity for the whole muscle of mouse or fish was assayed 2.5 days after injection. The fish and mouse 

tissues were prepared as described previously (Example 2). 

For each dose of DNA, injected trout demonstrated higher levels of luciferase activity than injected mice (Table 6 

below). In general, for a given dose of DNA, luciferase activity was approximately 100 times higher in fish than in mouse. 
25 Therefore, the knowledge that mice can be immunized against numerous diseases using doses of DNA within the range 

tested here, and the finding that fish muscie is more easily transfected and/or that fish muscle expresses transgenes 

more efficiently, indicate that fish should be good candidates for DNA-based immunization. 



30 Table 6 



Dose of DNA (ug) 


Luciferase Activity (RLU/sec total)* 




mouse 


trout 


0.01 


N/A 


65.898 (±30.774) 


0.1 


1,649 (±542) 


327.724 (±177.583) 


1.0 


5.466 (±1536) 


1.100.347 (±669,634) 


10 


43.082 (±5.419) 


3,225,068 (±1 ,869,474) 


50 


70.713 (±15.921) 


4,520,741 (±1.609.457) 



'mean ± standard error of mean (n = 5 for trout except for the 50ug dose 
group for which n = 12; n=10 for mouse groups) 



Example 7 - Expres s i on of Plasmid DNA after Immersion of Fish in DNA-containinq Solutions 

Cationic lipid, G304, was obtained from Gibco BRL, New York, USA. Cationic polymer liposomes designated Q203. 
so Q205, Q206. Q208. Q250, and QX were obtained from Qiagen GmbH, Hilden, Germany. Cationic polymer liposomes 
are composed of a mixture of cationic polymers and neutral lipids. Such transfection reagents were prepared as 
described in U.S. Provisional Patent Application entitled. "A Novel Class of Cationic Reagents for High Efficient and 
Cell-Type-Spectfic Introduction of Nucleic Acids into Eukaryotic Cells", incorporated by reference herein. 

For example, a cationic polymer (either Q203, Q205, Q206. Q208, Q250 or QX, described below in Table 7) and a 
55 neutral lipid, dioleoyloxiphosphatidylethanolamine (DOPE) were mixed together for a final concentration of 2 mM in 
chloroform, which was then evaporated off in a rotary evaporator at 60°C. The mixture was dried for 10 minutes under 
a reduced pressure of 1 0 to 1 5 mbar. Under sterile conditions, endotoxin free deionized water was added to the mixture, 
which was then heated while stirring at 60°C. 

Next. Q203, Q205. Q250, and QX were sonicated once for 300 seconds at 60°C. In the case of Q250. trans p car- 
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^T^um^^^l f a a37 **? S ° niCati0n - 0206 and were not sonicated but were 
polymer for aJ.^n^ totel c ^ ^ - DOPE+cationic 

X(DOPE) value in Table 7 by 2 mM so ISTr ^ZeQ^^Sn^" be Ca ' CU ' a,ed by mU,tip,yin9 the 
Q20, Table 7 (below, sum.ari.es the calt £^S2~ E^iLE"? ^ M ^ 



.0 



75 



20 



Cationic Polymer 
Liposome Reagent 



G205 
Q206 



Table 7 
Cationic Polymers 

butandiyl-1 ,4-bis(octadecyl dimethylammoniuro 
bromide) 

butandiyl-1 ,4-bis(octadecyl dimethylammonium 
bromide) 



X(DOPE) 



0.85 



0.82 



Method of Preparation 



with sonication. 



with sonication. 



butandiyl-1 ,4-bis(octadecyl dimethylammonium 
bromide) 



0.78 



without sonication. 



Q208 
Q250 



butandiyl-1 ,4-bis(octadecyl dimethylammonium 
bromide) 

didodecyldimethyl ammonium bromide 



0.75 



without sonication. 



0.571 



with sonication. Add trans p 
carotene to final concentration 
of 0.37 mM. 



25 



didodecyldimethyl ammonium bromide 



0.375 



with sonication. 
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JE"*"* diluting DNA and liposome so.utions in 0,5 M NaC. 
The solutions were diluted forth* £?Z2L !^ L ^S 9 6 m,XtUr6 3t r °° m tem P erat "^ for 30-45 minutes, 
to use with fish ' th ' nCUbated for an additional 1 0-15 Minutes at room temperature prior 

then returnS t : ^£^£^£t" T " " 8 " ^ * 90 and 

nized separately and assayS foMu^as^vfty ^ h ° m ° 9eni2ed or * ,,s and — cle were homoge- 

resuJfo, e Tabie 8 "^IZTJo^oW^ ***** **" fiSh aft " immersi - ^ *• 

immersion in DNaS^^^ tranS,6Cted and ab,e t0 ex P ress forei 9" P** after 

liposomes. Therefore^^S' fransftZ r^f ^ ^ ^ immerSi0n in pCMV " ,uc DNA with °* 
cienoy of DNA into fish ^S^TSSS^T^ ^ * ,0 ^ 



Table 8 



Transfection Reagent 


Total Luciferase Activity (RLU/ second) 


G304 


330. 65, 0, 1643, 1581, 143, 5. 165. 0, 0, 257 


Q203 


268,82, 106, 264 


Q205 


188.268, 166, 136 


Q206 j 


208,286. 170. 108, 174 


Q208 


668. 204, 1060. 0, 0. 180, 842, 242, 90 36 


Q250 


358. 398. 60, 10, 134, 1742, 54, 136, 84. 136 


QX 


166, 80. 302, 74, 432, 630, 28. 28. 260, 260 
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The Search Division considers that the present European patent application does not comply with the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 

1. Claims: 1,2,5-25,27,28 partially 

DNA vaccine for aquatic animals encoding at least an 
irmiunogenic protein of a Rhabdovirus (e.g. VHSV, IHNV, SVC, 
GCHV), possibly in combination with other antigens, 
optionally also encoding an irrmunostimulatory unmethylated 
CpG motif and/or a cytokine. The antigen(s) are optionally 
fused to an immunogenic peptide. Pharmaceutical composition 
comprising this DNA vaccine, optionally in combination with 
an adjuvant and/or a transfection reagent. Kit comprising 
the composition, optionally also comprising a recombinant 
protein, for use in irmiuni zation of aquatic animals. 



2. Claims: 1,2,5-25,27,28 partially 

DNA vaccine for aquatic animals encoding at least an 
irmiunogenic protein of IPNV, possibly in combination with 
other antigens, optionally also encoding an 
irrrnunostimulatory unmethylated CpG motif and/or a cytokine. 
The antigen(s) are optionally fused to an imnunogenic 
peptide. Pharmaceutical composition comprising this DNA 
vaccine, optionally in combination with an adjuvant and/or a 
transfection reagent. Kit comprising the composition, 
optionally also comprising a recombinant protein, for use in 
immunization of aquatic animals. 



3. Claims: 1,2,5-25,27,28 partially 

DNA vaccine for aquatic animals encoding at least an 
irmiunogenic protein of CCV, possibly in combination with 
other antigens, optionally also encoding an 
imnunostimulatory unmethylated CpG motif and/or a cytokine. 
The antigen(s) are optionally fused to an imnunogenic 
peptide. Pharmaceutical composition comprising this DNA 
vaccine, optionally in combination with an adjuvant and/or a 
transfection reagent. Kit comprising the composition, 
optionally also comprising a recombinant protein, for use in 
irmiuni zation of aquatic animals. 



4. Claims: 1,3,5-25,27,28 partially 

DNA vaccine for aquatic animals encoding at least an 
irmiunogenic protein of an Aeromonas, possibly in combination 
with other antigens, optionally also encoding an 
imnunostimulatory unmethylated CpG motif and/or a cytokine. 
The antigen(s) are optionally fused to an imnunogenic 
peptide. Pharmaceutical composition comprising this DNA 
vaccine, optionally in combination with an adjuvant and/or a 
transfection reagent. Kit comprising the composition, 
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6. Claims: 1,3,5-25,27,28 partially 

DNA vaccine for aquatic animals encoding at least an 
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7. Claims: l,3,5 r 25,27,28 partially 

?™.n^ Ci " e for ac » uati c animals encoding at least an 
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8. Claims: 1,3,5-25,27,28 partially 
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Jimmnostimulator y unmetlwiat./mc cytokine 



OCIO: <EP 0773295 A3> 



8 



EP 0 773 295 A3 




European Patent 
Ottlce 



LACK OF UNITY OF INVENTION 
SHEET B 



EP 96 11 7859 



Application Number 



The Search Division considers that the present European patent application does not comply with the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 

The antigen(s) are optionally fused to an immunogenic 
peptide. Pharmaceutical composition comprising this DNA 
vaccine, optionally in combination with an adjuvant and/or a 
transfection reagent. Kit comprising the composition, 
optionally also comprising a recombinant protein, for use in 
immunization of aquatic animals. 



9. Claims: 1,3,5-25,27,28 partially 

DNA vaccine for aquatic animals encoding at least an 
immunogenic protein of a Cytophaga, possibly in combination 
with other antigens, optionally also encoding an 
imnunostimulatory unmethylated CpG motif and/or a cytokine. 
The antigen(s) are optionally fused to an immunogenic 
peptide. Pharmaceutical composition comprising this ONA 
vaccine, optionally in combination with an adjuvant and/or a 
transfection reagent. Kit comprising the composition, 
optionally also comprising a recombinant protein, for use in 
imnunization of aquatic animals. 



10. Claims: 1,3,5-25,27,28 partially 

DNA vaccine for aquatic animals encoding at least an 
immunogenic protein of a Rickettsia, possibly in combination 
with other antigens, optionally also encoding an 
imnunostimulatory unmethylated CpG motif and/or a cytokine. 
The antigen(s) are optionally fused to an immunogenic 
peptide. Pharmaceutical composition comprising this DNA 
vaccine, optionally in combination with an adjuvant and/or a 
transfection reagent. Kit comprising the composition, 
optionally also comprising a recombinant protein, for use in 
immunization of aquatic animals. 



11. Claims: 1,4-25,27,28 partially 

DNA vaccine for aquatic animals encoding at least an 
immunogenic protein of an Ichthyophthirius, possibly in 
combination with other antigens, optionally also encoding an 
imnunostimulatory unmethylated CpG motif and/or a cytokine. 
The antigen(s) are optionally fused to an immunogenic 
peptide. Pharmaceutical composition comprising this DNA 
vaccine, optionally in combination with an adjuvant and/or a 
transfection reagent. Kit comprising the composition, 
optionally also comprising a recombinant protein, for use in 
imnunization of aquatic animals. 



12. Claims: 1,5-25,27,28 partially 
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r?m,^m»n. Di T i0 £ co < n . si<,er8 the P rel »ent European patent application does not comply with the 
requ.rements ot unrty ot .nventon and relates to several inventions^ groups oflnve^ 

DNA vaccine for aquatic animals encoding at least an 
irmiunogenic protein of a Nodavirus (NNV, SJNNV), possibly in 
i2!n^- 0n w th other ? nti 9*ns, optionally also encoding an 
irmiunostimu atory unmethylated CpG motif and/or a cytokine. 
The antigen(s) are optionally fused to an immunogenic 
peptide. Pharmaceutical composition comprising this DNA 
vaccine, optionally in combination with an adjuvant and/or a 
transfection reagent. Kit comprising the composition, 
optionally also comprising a recombinant protein, for use in 
immunization of aquatic animals. 

13. Claims: 1,5-23,25,27,28 partially 

DNA vaccine for aquatic animals encoding at least an 
irmiunogenic protein of a Streptococcus, possibly in 
combination with other antigens, optionally also encoding an 
irmiunostimu atory unmethylated CpG motif and/or a cytokine 
The antigen(s) are optionally fused to an immunogenic 
peptide. Pharmaceutical composition comprising this DNA 
vaccine, optionally in combination with an adjuvant and/or a 
transfection reagent. Kit comprising the composition, 
optionally also comprising a recombinant protein, for use in 
immunization of aquatic animals. 



14. Claims: 1,5-23,25,27,28 partially 

DNA vaccine for aquatic animals encoding one or more 
pathogen derived irmiunogenic protein(s), but not a protein 
of any pathogen provided in the above groups, optionally 
also encoding an immunostimulatory unmethylated CpG motif 
and/or a. cytokine. The antigen(s) are optionally fused to an 
irmiunogenic peptide. Pharmaceutical composition comprising 
this DNA vaccine, optionally in combination with an adjuvant 
and/or a transfection reagent. Kit comprising the 
composition, optionally also comprising a recombinant 
protein, for use in immunization of aquatic animals. 



15. Claims: 26, and 25 and 27 partially 

Pharmaceutical composition comprising an expression vector 
tor expression of proteins, other than pathogen-derived 
immunogenic proteins, in an aquatic animal. 
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Example 8 » Induction of an Immune Response against a Protein Derived from a Fish Pathogen in Fish and Mice bv 
Injection of Antigen- Encoding Plasmid DNA 

Purified pCMV A -VP3 DNA (encoding the VP3 protein of infectious pancreatic necrosis virus) was prepared as 
described previously for pCMV-Iuc DNA and injected intramuscularly in mice or trout. Each of three adult female 
BALB/C mice received 100 \ig in tibialis anterior muscle while a single one-year old female trout received 200 ug in the 
tail muscle. Two weeks later, the humoral immune response against the expressed antigen was determined by ELISA 
assay of plasma taken from the mice and fish to detect anti-VP3 antibody. 

The ELISA assay was performed using standard techniques. In particular, 96-well plates were coated with infec- 
tious pancreatic necrosis virus (IPNV) particles, blocked with a non-specific protein, and then washed. Ten-fold serial 
dilutions of trout or mice plasma and control plasma (obtained from non-injected mice and fish or from animals injected 
with control DNA not encoding VP3) were put in the appropriate wells (100 ^l/well) were incubated for 2 hours. After 
washing, bound anti-VP3 antibodies in trout and mouse plasma were detected by addition of horse-radish peroxidase- 
labeled (HRP) mouse anti-trout or goat anti-mouse IgG monoclonal antibodies, respectively. Amounts of bound anti- 
body were quantitated by reaction with O-phenylenediamine dihydrochloride, which is cleaved by HRP producing a 
color measurable by a spectrophotometer at OD^q. 

ELISA titer values in Table 9 (below) indicate the dilution factor which gave an OD 450 value twice that of back- 
ground. Table 9 shows that DNA-based immunization of fish or mice by intramuscular injection of plasmid DNA can 
induce an immune response against an antigenic protein of a fish pathogen such as the VP3 protein of IPNV. 



Table 9 



Species 


anti-VP3 ELISA titers 


Mouse 


527.2 


Trout 


14.1 



In another example, pCMV-G plasmid (encoding the G glycoprotein of viral hemorrhagic septicemia virus) was pre- 
pared as described previously and 1 00 jig was injected intramuscularly into an adult trout. Two and four weeks later, the 
humoral immune response against the expressed antigen was determined by ELISA assay of plasma taken from the 
fish to detect anti-G antibody. The ELISA assay was performed as described above except the 96-well plates were 
coated with purified recombinant G protein from VHSV. 

ELISA titer values in Table 10 (below) indicate the mean dilution factor which gave an OD 450 value twice that of 
background. Each value is the mean of two (14d) or three (28d) separate ELISA assays. Table 10 shows that DNA- 
based immunization of fish by intramuscular injection of another plasmid DNA. pCMV-G, can induce an immune 
response against an antigenic protein of a second fish pathogen, namely VHSV. The humoral response was detected 
as late as 28 days after injection. 



Table 10 



Time (days) 


Anti-G ELISA titers 


0 


0 


14 


32 (±1) 


28 


34 (±4) 



The collective results of the examples show the expression of foreign proteins in cells of fish after administration of 
pure plasmid DNA, either by intramuscular or intraperitoneal injection of pure or formulated plasmid DNA, or by injection 
of or immersion in DNA formulated with cationic liposomes. Furthermore, the collective results show that an immune 
response can be induced if the protein is antigenic, for example a protein of a fish pathogen. This should lead to pro- 
tection against natural infection by virulent pathogen. 

While we have hereinbefore presented a number of embodiments of this invention, it is apparent that our basic con- 
struction can be altered to provide other embodiments which utilize the methods of this invention. Therefore, it will be 
appreciated that the scope of this invention is to be defined by the claims appended hereto rather than the specific 
embodiments which have been presented hereinbefore by way of example. 
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5 11. The DNA vaccine according to claim 10. wherein the second polypeptide-encoding DNA sequence is a cytokine. 
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o 13. A pharmaceutical composition according to claim 12 further comprising an adjuvant. 
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and cationic polymers. 

1 7. The pharmaceutical composition according to claim 16, wherein the transfection reagent is a liposome. 
5 18. The pharmaceutical composition according to claim 1 6, wherein the transfection reagent is a cationic polymer. 

1 9. Kit comprising the pharmaceutical composition according to any one of claims 12 to 18 and at least one additional 
DNA expression vector comprising an expression control sequence capable of directing expression of at least one 
polypeptide and a polypeptide-encoding DNA sequence capable of facilitating an immune response for simultane- 

w ous, separate or sequential use in immunizing an aquaculture species. 

20. Kit comprising the pharmaceutical composition according to any one of claims 12 to 19 and an additional adjuvant 
for separate or sequential use in immunizing an aquaculture species. 

is 21. Kit comprising the pharmaceutical composition according to any one of claims 12 to 20 and a recombinant protein 
for separate or sequential use in immunizing an aquaculture species to boost an immune response. 

22. The pharmaceutical composition according to any one of claims 12 to 21 for use in Immunizing an aquaculture spe- 
cies, wherein the pharmaceutical composition is designed for administering by a technique selected from the group 

20 consisting of intramuscular injection, intraperitoneal injection, spray, or immersion. 

23. The pharmaceutical composition according to any one of claims 12 to 22 for use in immunizing an aquaculture spe- 
cies, wherein the pharmaceutical composition is designed for administering to aquatic animal selected from the 
group consisting of salmon, salmonid, carp, catfish, trout (including rainbow trout), yellowtail, seabream, seabass, 

25 eel, clams, lobster, shrimp, crab, and oysters. 

24. The pharmaceutical composition according to any one of claims 12 to 23 for use in immunizing an aquaculture spe- 
cies, wherein the pharmaceutical composition is designed for immunization against pathogens selected from the 
group consisting of viral hemmorrhagic septicemia virus, infectious hematopoietic necrosis virus, infectious pancre- 

30 atic necrosis virus, spring viremia virus of carp, channel catfish virus (Herpesvirus ictaluri), grass carp hemorrhagic 
virus, nodaviridae such as nervous necrosis virus or striped jack nervous necrosis virus . infectious salmon anae- 
mia. Aeromonis salmonicida, Renibacterium safmoninarum. Yersinia. Pasteurella. Vibrosis, Edwardsiella, 
Streptococci, and ichthyophthirius. 

35 25. A pharmaceutical composition for use in expression of a polypeptide in an aquaculture species, comprising a DNA 
expression vector having an expression control sequence capable of directing expression of at least one polypep- 
tide and a polypeptide-encoding DNA sequence encoding at least one polypeptide. 

26. The pharmaceutical composition according to claim 25, wherein the polypeptide-encoding DNA sequences 
40 encodes a growth hormone. 

27. A pharmaceutical composition according to claim 25 or 26, wherein the pharmaceutical composition is designed 
for administering by a technique selected from the group consisting of intramuscular injection, intraperitoneal injec- 
tion, or immersion. 

45 

28. Use of the DNA vaccine according to any one of claims 1 to 1 1 for the preparation of a pharmaceutical composition 
for the immunization of aquaculture species. 
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